Peripheral muscle weakness leading to poor exercise tolerance is a significant problem in patients with chronic obstructive pulmonary disease (COPD). Increased lower limb strength following pulmonary rehabilitation (PR) has been shown to be associated with positive outcomes [1] . Despite this, access to and completion of PR remains problematic and alternative exercise interventions are sought. Elastic band resistance training has recently been shown to be as effective as conventional outpatient free-weight exercise training [2] [3] [4] . Elastic band resistance training may, therefore, provide an alternative home-based exercise intervention for patients with COPD who are unable or unwilling to participate in PR due to significant symptom burden or anxiety in attending group classes The aim of this study was to investigate feasibility and acceptability of a home-based lower limb-specific resistance training exercise intervention (LLSRT) to patients with COPD. The LLSRT intervention was modelled on the strength components of PR [5] [6] [7] and strength and conditioning training literature in older adults [8] .
intervention, the proportion of and reasons for patients with missing data e.g. dropout rates, and compliance with the LLSRT intervention.
Pre-post-interventional clinical outcomes included exercise capacity, quadriceps strength and breathlessness severity. The incremental shuttle walk test (ISWT) was used to assess exercise capacity. A practice ISWT was performed 30 min prior to the walk test as per the European Respiratory Society/American Thoracic Society technical standard "Field walking tests in chronic respiratory disease" [10] . As described by SEYMOUR et al. [1] , right quadriceps strength was assessed by maximum isometric voluntary contraction force (QMVC). Supine QMVC was measured using a quadriceps testing chair [11] . Participants were asked to complete at least five active QMVC manoeuvres during which strong verbal encouragement was given. QMVC was the maximum 1-s mean force produced. Breathlessness severity was measured across two different domains: worst at rest and worst on exertion (previous 24 h) using the numerical rating scale (NRS). NRS anchors were 0 (not breathless at all) and 10 (breathlessness as bad as you can imagine).
Pre-post-interventional clinical outcomes were completed at the Respiratory Muscle Laboratory at King's College Hospital NHS Foundation Trust (London, UK). Due to the small sample size, no statistical analysis was performed; pre-post-clinical outcome data are described using descriptive statistics, and reported as median (range).
Semistructured interviews with open-ended questions were conducted to examine the perspectives of patients on the LLSRT intervention. Questions explored possible facilitators and enablers to the LLSRT intervention. Personal perspectives regarding delivering and receiving the LLSRT intervention at home were explored. Participants were asked questions regarding the impact of the LLSRT intervention on their symptoms and activities of daily living. All interviews were audio recorded and transcribed verbatim. Transcripts were analysed using deductive thematic analysis and themes were corroborated by a second researcher [12] .
Over a 6-month period, 17 patients were screened for inclusion; of those, four (24%) were ineligible, having enrolled in or recently completed PR, and two (12%) due to medical reasons. Of those deemed appropriate for inclusion, nine (81%) agreed to participate with seven (66%) subsequently giving informed consent. Six patients (three male; median (range) age 66 (33-79) years, MRC dyspnoea score 3 (2-3), NRS breathlessness at rest 2.5 (0-6) and on exertion 8.5 (7) (8) (9) (10) , forced expiratory volume in 1 s (FEV1) 32 (20-78)% predicted, and FEV1/vital capacity (VC) ratio 43 (32-79)%) completed the intervention.
We must acknowledge that one patient (33-year-old female) had an FEV1/VC of 79%. This patient had a clinically documented diagnosis of COPD by a respiratory physician based on: 1) a clinical history of 10 pack-years cigarette smoking, and 10-year history of heavy cannabis smoking and recreational drug use; and 2) a computed tomography scan that confirmed emphysema and apical bullae. This patient had previously undergone a right upper lobe bullectomy (2006), which would account for the discrepancy between their spirometry and diagnosis of COPD. The patient had been previously referred to PR but had failed to attend due to a combination of social factors and anxieties around how people would "view her attendance" at PR given her age and previous cannabis use. We felt it was important to include this patient in the study as our intervention seeks to provide an alternative exercise intervention for patients with COPD who are unable or unwilling to engage with conventional PR classes.
None of the patients were receiving long-term oxygen therapy or used walking aids. Five had experienced an exacerbation in the previous year. Participants were identified via a research database aligned to our clinical PR service and therefore representative of our local patient population. The patients were symptomatically breathless, had clinically documented anxieties or apprehensions regarding attending group exercise resulting in nonattendance of PR, or had previously attended and not maintained exercise independently, indicating a local need for an alternative exercise intervention. This pattern is in keeping with the national PR audit (England and Wales 2017), which indicated that 33% of patients referred to PR fail to attend their initial assessment [13] .
Adherence to the two supervised sessions and the recommended weekly self-guided, unsupervised exercise session was 100% for all patients. A median (range) improvement of 50 (−10-170) m was observed post-LLRT for the group. On an individual-patient level, incremental shuttle walk distance (SWD) increased in five of the six participants, of whom three improved by more than the minimal clinically important difference (MCID) of 47.5 m.
Post-LLRST, QMVC increased by 3.57 (−1.5-14) kg; QMVC increased in three participants, remained unchanged in two and decreased in one participant at 6 weeks. NRS breathlessness scores were reduced by −1.5 (0-−4) at rest and −2.5 (−1-−7) on exertion post-LLRT. Breathlessness was reduced in five of the six participants; improvements in NRS were greater than the MCID.
Two themes emerged from the qualitative interviews: "acceptability of the exercise intervention"; and "value of the intervention", where patients found the LLSRT intervention acceptable, worthwhile and a beneficial experience.
All patients felt the 6-week exercise intervention was acceptable, valuable and of benefit them. Participants acknowledged the support they received throughout the intervention and reported that the frequency of the supervised session was acceptable.
Twice a week is enough; should not be more or less. The supervision from this programme improves confidence as a physiotherapist is guiding you at home.
Participant 1, line 16-18
Support was provided not only through face-to-face supervision but also via telephone support as required, and this was perceived as a positive aspect of the intervention. Furthermore, the provision of the exercise log to assist and support the unsupervised sessions was deemed acceptable and helpful.
Interviewer: And you felt confident enough to do the exercises by yourself?
Patient: Yes, the physiotherapist explained them […] and the literature they gave us [the exercise log] and the visuals on it, were very useful, which I thought was very good to have.
Participant 5, line 27-28
All six patients reported that they valued and would recommend this intervention to other patients with COPD.
The personalised approach to this home-based programme of exercises was appreciated by all patients. It was described by patients as a "good way" of starting to exercise again and was perceived by patients as "prehab" or "a good introduction" to exercise.
Patients described a sense of positivity towards the intervention and felt that it had allowed them to improve their physical strength/ability, which translated into being able to do more at home.
I'm doing more at home. I went for an appointment, came back and I did the gardening, mowed the lawn, and I'm thinking, how come? I wouldn't have done that normally; it would have been too much to manage. Usually, one big activity a day is enough for me. I've been taking on much more and I think, ah! This is good.
Participant 5, line 55-56 I am doing a little bit more; I can do the washing and scrubbing down of the tiles and the sink, pottering around doing bits and pieces.
Participant 4, line 31
My walking has improved, and finding it easier to walk up the stairs and do activities at home.
Participant 1, line 10
Activities of daily living improved and symptomatically, patients felt better.
Both my wife and I think things have improved; breathing better, controlling my breathing more and not so afraid.
Participant 2, line 2-3
Patients reported improved confidence and coping abilities after the intervention. Being informed of their improvements/progression whilst undertaking the intervention consolidated confidence improvements.
I really enjoyed it and looked forward to the days the physiotherapist was coming to the house. Seeing my results has made me more confident.
One participant reported they were coping better, which came directly from symptom improvement. Patients reported that they were more confident and empowered to continue to exercise after the study ( positive behaviour change).
I do feel it's done me so much good; I don't want to stop it so I can keep building up on it. I feel I am coping, managing it. I think the word is "managing" a lot better now.
Participant 5, line 41-42
All participants valued the intervention being in their own homes, which increased ease in completing the exercises and did not impact on their daily activities.
It was really useful, as it saved the journey going back, which can be a whole morning for me. It didn't interrupt the flow of the day; I could still do the things I'd normally do.
Participant 3, line 17-18
Easy to complete the exercises and I didn't have to travel to attend a class.
Participant 1, line 15
Participants who previously were not comfortable in a group environment valued this intervention as it allowed them to exercise in a "safe and familiar" space.
The study demonstrated feasibility of delivering a home-based LLSRT intervention and despite the low numbers recruited, 100% compliance was achieved with regards to the supervised and unsupervised components of the intervention. The cohort of previously inactive COPD participants had started to increase activity levels by the end of the relatively short 6-week intervention. The numbers of completed treatment sessions (both supervised and unsupervised) are comparable, if not better, than some reported PR compliance and adherence data [14] [15] [16] , which further supports the development of LLRT as a potential exercise intervention for patients with COPD.
Improvements in confidence to manage symptoms and complete activities of daily living increased the acceptability of the intervention. The evidence suggests low self-efficacy in COPD is linked to the spiral of inactivity [17] . As part of this short intervention, participants had motivated themselves to start exercising independently. This demonstrates that these participants found this intervention useful. This home-based exercise intervention shows promise for improving patients' ability to cope with their disease and confidence improving their own functional abilities.
Two methods of assessing breathlessness were employed, the MRC dyspnoea score and NRS, as each measures different characteristics/components of chronic breathlessness. The MRC measures the impact of breathlessness on physical function, while the NRS measures the intensity of breathlessness. In this study, we used that MRC dyspnoea score to characterise our patients and the NRS as our outcome measure. An advantage of the NRS is that it can quantify changes in breathlessness at rest and on exertion. Patients reported improvements in breathlessness intensity, which is in keeping with the PR literature [5, 6] . Specifically training the lower-limb muscles leads to increased cardiorespiratory and muscular efficiency, therefore reducing the load on the respiratory muscle pump, most notably during exercise, resulting in decreased breathlessness intensity. To further explore this observation, future studies would benefit from the inclusion of both volitional and nonvolitional measures of lower-limb strength [11] as well cardiopulmonary exercise testing and measurement of oxygen uptake at the anaerobic threshold.
Functionally, all apart from one patient improved in the ISWT, and three by the MCID (49.5 m). All participants stopped due to ventilatory limitation rather than leg fatigue. Given the symptomatic nature of this cohort, future studies may benefit from the addition of the 6-min walking test, which may corroborate the qualitative perceived improvements in function. In addition, the five-repetition sit to stand or 1-min sit to stand test, or the short physical performance battery [18] , could provide an alternative to the ISWT, with the added advantage of being performed in the patients home, reducing sample size and participant study burden. The study included patients with a broad range of ages and lung function. Despite the youngest patient showing the greatest improvement in ISWT, the older participants with worse lung function also showed improvements greater than the MCID for ISWT and showed the greatest improvement in quadriceps strength. Age or lung function at baseline did appear to influence the outcome of this intervention.
The lack of an observed improvement in the QMVC may be attributed to the nature of the QMVC test and the impact of patient cooperation and motivation. In addition to a control group, the use of nonvolitional measures of quadriceps function would provide a more robust assessment of any changes in in strength and its impact on with the functional and symptomatic improvements observed in this study.
We acknowledge that both aerobic and resistance exercise training are recommended for patients with COPD; however, we developed this intervention based on the findings of SEYMOUR et al. [1] , which demonstrated that following completion of PR, patients increased their quadriceps strength, resulting in improved ISWD and health-related quality of life. In addition, SEYMOUR et al. [1] reported that a fall in quadriceps strength was more likely if a re-exacerbation event occurred (OR 3.87, 95% CI 1.01-12.2; p=0.049), demonstrating the importance of lower-limb muscle strength in patients with COPD. Moreover, in patients with advanced COPD (MRC dyspnoea score 4-5), who are unable to engage with PR, specifically targeting the quadriceps muscle using neuromuscular electrical stimulation over a 6-week period, increased functional exercise capacity by enhancing quadriceps muscle mass and function [19] . Such studies provided the pathophysiological basis for our LLRT intervention.
The lead researcher who supervised the exercise sessions also conducted the post-interventional, semistructured, qualitative interviews. To account for any bias associated with this approach, transcripts and analysis were reviewed independently by a second researcher (C.C. Reilly), and final themes agreed via consensus.
An intervention period of >6 weeks may have resulted greater improvement in strength. The duration of the intervention was based on guidelines for standard PR and training in the elderly, which recommend rehabilitation programmes should be between 6 and 12 weeks with twice weekly supervised sessions [7] . Thera-band was chosen for implementing this intervention due it being a relatively inexpensive, easily transportable adjunct to training that has been shown to be effective in improving volitional measures of strength [2] [3] [4] 20] . What remains to be defined is the optimal duration of this intervention and whether there is a celling effect. Cost implications of the LLSRT training programme need to be modelled and tested. Larger, adequately powered studies are required to assess the effectiveness of this intervention on physical function and health-related quality of life. 
